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Abstract  
This paperproposes abiomechanicalmethodto establishstandardmotion as theaveraged  
motionpattemofski11edperfbrmersandaconcepttoidentifycriticaltechnicalpointsusingmotion  
VariabilitylneXamples魚omthehighjumpandsprintrunnlng・Acomparisonofthestandard  
motionsoftakeofffbrhighjumpersrevealssomecharacteristics ofelitemaleandfbmalehigh  







beusedtoidentifythecriticalpoints，1imitingfhctors，andtechnicalfaults・   
Keywords：Standardmotion，mOtionvariability，SPOrtSteChniques，lnOtionanalysis  











anddiagnosisofthemotionandidentincation of  
teclmicalfaultsandlimltlngfactors．   
Thisprocessis魚・equentlyreftrredtoastechnique  
analysISin sport biomechanics；the concept of   
technicalanalysISislesswelldeveloped．Themethods  
Oftechnique analy ishavebeencategorizedas  
qu li ative，qua titative，andpredictive，l叫Qualitative  
echniqueanalysISischaracterizedbyobservation，  
evaluat on，anddiagnosis・Theoptlmizationloopof  
SPOrtSteChniquesmentionedaboveisrepresentative  
Ofa qualitative technlque analysIS．The other  
approach toquali ativ techniqueanalysIS uSeS  
deterministic modelofperformance，Whichwas  
proposedby＝ayandReid・5）Thisapproachisbased  
Onatheoreticalmodelandtheresult－1imitingfactor  
relat ships，Which aredeterminedbystatistical  
naly IS．Theirblockdiagrammodelhasbeenused  
toidentifyperfbrma ce－r latedfactorsinvarious  
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Perfbrmers as atemplate ofmodelperformance．  
Teachers and coaches ffequentlyadopt amodel  
technique oratemplate ofmodelperformance  
approachinwhichsequentialpICtureSand蔦guresof  
anoutstandingathleteorski11edperfbrmerareused  





Oridealfbrm．However，We Can OVerCOme these  
limitationsifwepreparesomeappropriatemotion  
PatternmOdelsfbrsportstechniques．Themotion  
PatternmOdelforteachingand coachingsports  
techniquesisnotalwaystheidealmodel・Theaverage  
OrStandardmotionpatternissufncientfbrpractical  
uSe．   
Therei  var abilityln any SequenCe Ofhuman  
motion．Reduced variability，l．e．COnSistent  
repeatabilityofamotion，isoneindicatorofaski11ed  
athlete．The motion variability describedinthe  
liter ture3・617）isrefbrredtoasintra＿individualmotion  
Variabili y．Inter－individualmotionvariabilityshould  
bethefbcusintechnique analyses，Particularlyln  
evaluationanddiagnosisofsportstechniques，Since  
Sma11motionvariabilityinaglVenbodysegment  
Observedamongskilledperformersindicates that  
the performers move their body segments in a 
Simi arpatternandthatthemotionpatternthatthey  
useisacriticaloneinthattechnique．Incontrast，  
Substantialmot onvariabilitylnaSegmentmOtion  
patternindicatesthatthereareslgnincantvariation  
andpersonaldifftr nc samongperfbrmers，Which  
canb  attribut dtothe characteristics oftheathletes．  
Therefore，i vestlg inginter－individualmotion  
V riabilitymayprovideanewapproachtoevaluation  
and iagnosisofsportstechniques，Whicharethemost  
importantstepsintechniqueanalysIS．   
One attemptto av rage themotion pattern of  
SuPeriorplayerswasmadeinastudyofthevo11eyball  
spik ・Hashih raetal・4）usedathree－dimensional  
directlineartransformation method to average  
the three－dimensionalcoordinates ofthe body  
Segmentendpoi ts ofskilledvolleyballplayersthat  
Were ngagedinofncialworld－levelgames．They  
normalized the three－dimensionalcoordinates ofthe  
Segmentendpointsbytheplayerslbodyheightsand  
the times elapsedinthemovementphases ofthe  
VOlleyballspikebefbreaveraglng，uSlnganOrmalizing  
andav aglngteChnique・112）whiletheyrevealedthe  
ve agespikemotionpattemandseveraljointangle  
Ch ngesinaspikeandprovidedvaluableinfbrmation  
forunderstandinghowskilledvolleyba11players  
SPike ba11，theydidnotconsiderordiscussmotion  
Variability，andtheycouldnotextendtheconceptto  
evaluationanddiagnosisof portstechniques．   
W  reviewed literature on technique analysis 
andconsideredtheaccessibilityandapplicability  
Ofbiomechanicaldatato aqualitativeanalysISOr  
OPtlmizationloopofsportstechniques．Theconcept  
Ofastandardmotion associatedwiththeconcept   
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competitions using ordinary data acquisition 
techniques such as cinematography，  
Videography，andanautomaticmotiondata  
CaPturlngSyStem．  
Step2：Normalize coordinate data relative to a  
referencepoint，SuCh as thewholebody  
CenterOfgravltyOrthesuprasternale，by  
anthropometricvariables，i．e．bodyheights  













り        手＝ノ十∴                         J7  
〝  R＝＿ 〃  
RJ＝rf＋R′ア  
Where Rlis the coordinate vector ofpointi  
normalizedtothephasetime，7Pistherefbrencepolnt，  
nr，isth vectornormalizedtobodyheight，riisthe  
mean ctor，RIPisthemeanvectoroftherefbrence  
po nt，R，isthemeannormalizedcoordinatevector，  
Hi thebodyheight，iisthepolntnumber，jisthe  




Whichcanbereferredto as thesegmentvector  
technique・Thistechnlquehastheadvantagethatthe  
Calculatedpositionvectorsandthedirectioncosines  
th t express directionalinformationofthebody  
SegmentSCanbeusedtocalculatemotionvariability，  
asdescribedlater．However，1tisoftencumbersome  
todefin segmentvectors，andinvestlgatOrSmayhave  
t modifytheircomputerprogramstobemotion－  
by－mO pec沌c・Forexample，OneeXaminermay  
intendto establishthe standardmotionofthewhole  
bod runnlng，Whileanothermaybeexaminlngthe  
Standar motionofbaseballbattlng，lnCludingthebat  
andba11・Forthepurposesofthisstudy，Wedescribe  
thetechnique normalizeandaveragecoordinate  
data・Thisisreftrredtoasacoordinatetechniquesince  
itiseasiertouseandapplytovariousmotionsthanthe  
SegmentVeCtOrt Chnique．  
2・2CalculationofMotionVariability   
There r severalindicatorsofmotionvariability．  
















transentrophyfunctionwascomplicatedanddifBcult   








useofthemaximumrangeorvelocityisn talways  
appropriateasadenominatortoexpresstheextent  
Ofvariation．Therefbre，Wedecidedtous theCVto  
expressmotionpatternvariabilityandsegmentand  
JOlntangles，Withamod捕cationtoresolvethezero  
divisionproblem．   
TheCViscalculatedbydividingthestandard  
deviationbythemean．Figurelpresentsanexample  
Ofthemeanandstandarddeviationrange ofthe  










∑（町＋2）／〃   
Here，SDisth standarddeviation，Dqisthedirection  
COSine，Nisther umbe ofsamples，andvalue2isthe  
rangeofdirectioncosine，1．e．±1．1tispossibleto  
substitutevaluelfbrvalue2． 
Figure2i11ust atesthechangeindirectioncosineand  
mCVo thesamedataasinFig．1．Thefigurereveals  
t atuse fthemCVeliminatedtheacutechangeson  
theCVcurveandth unrealisticCVandisapproprlate  
a a indicatortoexpressmotionvariability．  
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Fig．1．Changeinthedirectioncosinei thex  
directionandthecoefRcientofvariati nfbr  
thethighofthetakeofrleglnahighjump．  
3．RESU工JSANDDISCUSSION  
3．1StandardMotion   
Figure3depicts the standard motion ofthe  
highjumptakeoffthatwasestablished録omthree－  




difftrences can be observedin the takeoff．motions  
betweenmaleandfemalehighjumpers．Themale  
jumpersuseda ypicaldouble－armSWingintheRrst  
h lfofthetake fFp as ，inwhichbotharmsarein  
thebackpositionatthetouchdownandthenswlng  
downwardandupward．Thefemale」umPerSuSed  
as m －doublearmswlng，inwhichthearmonthe  
OPPOSitesideofthetakeoff1eglSin舟ontofthebody   
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StandardMotionsofwomen－sand m en’shighjump  StandardMotionofmen’ssprlntrunnlng  
，虎基本旦鱗卑瑚耕  

















and some biomechanicalvariables and fbund that  

























3．3InterpretationofLargeMotionVariability   




JumperSSWungtheirfreelegln mOreeXtend d  
mannerintheBrsthalfofthetakeofflAcomparison  
Ofthe standardmotions ofthe takeoffenabled us to  
identifysomecharacteristicsofelit maleandfbmale  








extendedatthetoe＿Ofr机   
ThesemotionpatternS，illustratedbyst ck蔦gures  
inFigs・3and4as examples，aPPeartO reSem le  
OurCOnCePtOfgoodtechnlqueOrgOOdfbrm．This  
indicates that the standard motion can be used a  a  
Standardvalueofagoodmotionpattemoratemplate  
Ofmodelperformance．In addition，the stan ard  
motioncanbeusedtoidentifycharact risticmo i ns  
for various athlete groups y comparing the r  
techniqueswiththestandardmotions，aSdescribedfbr  
themaleandfbmalehighjumpers．Thevalidity nd  
reliabilityOftheobservationa devalua io processes  
inan optlmizationloop or qualitative echnique  
analysISWOuldbediminishedwithoutthesestandard  
andaveragedmotions、  
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investigationofworld－ClasssprlnterS・＄）   











tecb皿ical払uIts．   
However，therearesomeproblemsandlimitations  
toberesoIvedinthemethodsproposedinthisstudy，  
SuChasappropriatenumberofsamplesrequiredto   
TherearetwopossibleinterpretationsofalargeCV．  
AsizeableCVmaybeattributabletosomeindividual  
di飴rences，andmotionvariabilityofsegm ntswitha  
largeCVmaybetrivialandtolerableinthetech ique  




interpretationismoresuitableforaspeci csports  




Ofgrav吋duringasprint．   
Figures7and8illustratechangesin hecorrelation  
COefficients ofsegment andjoint angles to the  
Perfbrmanceindicatorsfbrthehighjumpandspnnt．  
Weusedtheverticalvelocityofthecenterofgravity  
atthe toe－Offfbrthehighjump andthe average  
horizontalvelocityinonerunningcycle（twosteps）  
asperfbrmanceindicators．Thecorrelationcoe餓ci nt  
intheseexamplesataslgnificancelevelof5％w s  
O．755．Figures9andlOpresent chematicsummar es  



















































1imitation th time－COnSulnlngandcumbersome  
dat co11ectionprocess，Whichmaybeinherentin  
anymotioncapturemethod．Therefore，uSeOfa  
nonparametric statisticalmethodto calculatethe  
motionvariabilityisrecommended，i．e・thelSLand3rd  
percentiles，quartiledeviation，andquartileCV19）   
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Variabilitywillprogressasfbllowsin nattemptto  
丘ndsolutionsfbrthequestionscitedabove・  
＊Thestandardmotionwi11beinstalledinasystemfbr   
qualitativeanalysISOranOPtlmizationloopofspol●tS   
techniquesasabiomechanicalmotiondatabase，in   
which teachers will use various standard motions 
acomparatororamodelfbrlearnerSandstudents，   
dependingontheirski111evels・  
＊Thesystemcanfurthercontributetothetheory nd   
practiceofteachingandcoaching，withthehelpof   
COmPuterSimulationtechniquesanddatafbedback   
technology．  
＊There shouldbe severalsets ofstanda dmotionsso   
thatvariouslevelsofperfbrmerscanusethemto   
Optlmizetheirsportstechniquesdependingontheir  
individualski11levels．  
＊The standard motion willevoIve with anincrease  
inthelevelofsportstechniques oflearners and   
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